Introduction
Maternal mortality -defined as the death of a woman during pregnancy, childbirth or in the 42 days after delivery -is used as an outcome measure for any health system. The indicator of maternal mortality is the maternal mortality ratio (MMR), which is defined as the number of maternal deaths per 100 000 live births. MMR is a problematic indicator to measure, due to the relative few maternal deaths. [1] [2] [3] [4] [5] It is even more challenging to measure cause-specific maternal mortality, since available methods have either low sensitivity or specificity. 6 Therefore, accurate estimates of cause-specific maternal mortality are often not available in many countries. 7 The International statistical classification of diseases and related health problems, 10th revision (ICD-10) 8 manual divides the causes of maternal mortality into three broad categories: direct obstetric deaths (resulting from obstetric complications of the pregnant state); indirect obstetric deaths (resulting from a disease, often pre-existing and aggravated by the physiologic effects of the pregnancy); and late maternal death (death between 42 days and one year post-obstetric event). 8, 9 Sequelae, which is maternal deaths that occur one year or more after delivery, is included in the late maternal death category. Indirect maternal deaths represent on average 20% of a country's overall maternal mortality, [10] [11] [12] but this proportion varies considerably across settings. Particularly indirect and late maternal causes are likely to be misclassified as non-maternal deaths. 6, 13, 14 Even within countries with a very high quality vital registration system, there is a wide variation in the fraction of maternal deaths attributable to indirect causes; estimates range from zero to more than half of all reported maternal deaths. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] In recent decades, Mexico has improved its measurement of maternal mortality, but problems of underreporting and misreporting in its vital statistics systems still exist. 23, 24 In response, a new strategy was undertaken by the government in 2002 that aimed to identify all maternal deaths in Mexico using an approach of intentional search, review and reclassification of maternal deaths. A new procedure, referred to as Búsqueda intencionada y reclasificación de muertes maternas (BIRMM) was put in place, 25, 26 which provides a mechanism for a comprehensive examination of maternal deaths in Mexico. There has been a rapid increase in obesity, 27, 28 diabetes, hypertension, and hypercholesterolaemia in Mexico, 29, 30 which puts women of reproductive age at higher risk for pre-existing hypertensive disorders and diabetes mellitus. The epidemiologic transition from communicable to noncommunicable diseases has implications for maternal health.
The purpose of this study is to describe the reclassified and newly identified maternal deaths -especially indirect obstetric deaths -identified through the BIRMM process. We also compared sociodemographic characteristics at individual and municipality level of the women who died from direct and indirect causes.
Methods
We conducted a repeated cross-sectional study using the 2006-2013 BIRMM data set, which includes all deaths in women Objective To describe causes of maternal mortality in Mexico over eight years, with particular attention to indirect obstetric deaths and socioeconomic disparities. Methods We conducted a repeated cross-sectional study using the 2006-2013 Búsqueda intencionada y reclasificación de muertes maternas (BIRMM) data set. We used frequencies to describe new cases, cause distributions and the reclassification of maternal mortality cases by the BIRMM process. We used statistical tests to analyse differences in sociodemographic characteristics between direct and indirect deaths and differences in the proportion of overall direct and indirect deaths, by year and by municipality poverty level. Findings A total of 9043 maternal deaths were subjected to the review process. There was a 13% increase (from 7829 to 9043) in overall identified maternal deaths and a threefold increase in the proportion of maternal deaths classified as late maternal deaths (from 2.1% to 6.9%). Over the study period direct obstetric deaths declined, while there was no change in deaths from indirect obstetric causes. Direct deaths were concentrated in women who lived in the poorest municipalities. When compared to those dying of direct causes, women dying of indirect causes had fewer pregnancies and were slightly younger, better educated and more likely to live in wealthier municipalities. Conclusion The BIRMM is one approach to correct maternal death statistics in settings with poor resources. The approach could help the health system to rethink its strategy to reduce maternal deaths from indirect obstetric causes, including prevention of unwanted pregnancies and improvement of antenatal and post-obstetric care.
Research
Indirect and direct obstetric deaths in Mexico Margaret C Hogan et al.
of reproductive ages (10-54 years). The aim was to identify miscoded maternal deaths. We investigated the underlying cause of death for those who had been assigned to a subset of 46 ICD-10 codes that we suspected of being maternal deaths but did not have maternal codes from the ICD-10 O chapter. 25 (The list of the 46 ICD codes are available from the corresponding author). In addition to these 46 codes, we also investigated: deaths that were assigned maternal codes found in the ICD-10 O chapter (Table 1) ; deaths with suspicious or incomplete codes; deaths with complications but without a valid underlying cause of death; and all death certificates where the pregnancy checkbox had been ticked.
The BIRMM review process collates maternal mortality and sociodemographic data from available mortality data sources including death certificates, medical records, verbal autopsy records and confidential enquiry or autopsy reports. (The distribution of information contributed by each data source is available from the corresponding author). The collated information was reviewed by two independent coders. In the event of a disagreement when assigning the appropriate code, a senior reviewer examined all documents and assigned the final cause. Full details of the BIRMM protocol have been published elsewhere. 25 We extracted the following data from the BIRMM: individual-level sociodemographic data (age, marital status, education level, number of pregnancies and number of prenatal visits during the last pregnancy); care-related information on each maternal death (place of care where first complication was documented and where skilled birth attendant care was provided); and place of death. The proportions of missing data for each year for the care-related information are available from the corresponding author. We used cause-of-death data as reported before and after the intentional review process. In addition, we used the 2010 municipalitylevel development index 31 32 This study was approved by the ethics committee of the National Institute of Public Health, Mexico. Table 1 presents the ICD-10 categories and associated sub-categories and titles for codes used for deaths identified as indirect obstetric deaths, as listed in the manual. The list includes all codes that constitute the internationally agreed definition of indirect maternal death. Maternal deaths related to human immunodeficiency virus (HIV) infections were treated as special cases due to evolving ICD-10 coding rules. HIV-related deaths coded to the specific HIV ICD codes (B20-B24) and the recently created HIV ICD code (O98.7) were included and recoded as indirect maternal deaths.
Analysis
New and recoded indirect maternal deaths, their cause distribution and reclassification by development index quintile were examined using tabulations. We used descriptive statistics to examine differences in direct and indirect cause, before and after the review process and across the eight years (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . Sociodemographic characteristics and health service use were examined and tested using t-test and χ 2 tests for differences in the proportion and means of direct and indirect deaths. Maternal mortality cause was analysed by municipality-level development index. All analyses were done in Stata version 13.1 (StataCorp. LP, College Station, United States of America).
Results
The total number of deaths in women of reproductive age during the study period obtained from the BIRMM was 357 446, of which 9043 deaths (2.5%) were subjected to the maternal death cause review and reclassification process.
33 Table 2 summarizes the findings from the reclassification process. Before the review 7829 deaths were classified as maternal deaths. Of the deaths coded as non-maternal, we reclassified 1214 (13.4%) to maternal deaths. The number of late maternal deaths increased from 192 (2.1%) before the review to 628 (6.9%) after the review, representing over threefold increase in the proportion of late maternal deaths. There was a 6.8% (from 2099 to 2243 deaths) and 11.4% (from 5538 to 6172 deaths) increase in deaths categorized as indirect and direct, respectively. Deaths that were categorized the same before and after the review were, 85.5% (5281/6172) of direct, 68.8% (1544/2243) of indirect and 28.3 (178/628) of late maternal deaths.
In the poorest municipalities, 14.7% (694) of maternal deaths were recoded from non-maternal to maternal, while in the wealthiest municipalities this figure was 8.1% (108). An additional 14.8% (30) of all direct deaths in the wealthiest quintile were reclassified to indirect deaths (Table 2) . Table 3 (available at: http:// w w w . w h o . i n t / b u l l e t i n / v o lumes/94/5/15-1633560) shows the original codes of the deaths recoded to indirect maternal deaths. Many indirect maternal deaths were originally misclassified as infectious and parasitic diseases (96), diseases of the circulatory system (94), diseases of the respiratory system (70) and neoplasms (56). In addition, there was miscoding within the maternal chapter of the ICD. For instance, 40 deaths were originally assigned to O10-O16 (oedema, proteinuria and hypertensive disorders in pregnancy, childbirth and the puerperium); 46 deaths were assigned to O21, O23-O31, O34 (other complications of pregnancy) and 46 more maternal deaths were assigned with the codes O89-O92 (other complications during the puerperium). Two hundred and twenty indirect maternal deaths were coded as direct obstetric causes before the correction. Indirect and direct obstetric deaths in Mexico Margaret C Hogan et al.
For maternal deaths categorized as direct, there was a declining trend in MMR between 2006 and 2013, from 46.4 to 32.1 deaths per 100 000 live births. There was no change for indirect maternal deaths. MMR for indirect deaths was 12.2 deaths per 100 000 live births in 2006 and 13.3 deaths per 100 000 live births in 2013. There was a peak in 2009, mainly due to the Influenza A (H1N1) epidemic, which is known to increase the risk of hospitalization, severe illness and death in pregnant women. 34, 35 The trends for both direct and indirect causes were similar before and after reclassifying the causes of deaths (Fig. 1) .
Comparison of sociodemographic characteristics and health system use showed that women who died of indirect maternal causes had fewer pregnancies, were slightly younger and were better educated than women dying of direct causes. The deceased women were also more likely to have delivered, received care for their first complication and died in Instituto Mexicano del Seguro Social facilities, which are employment-based insurance-affiliated facilities. Skilled birth attendants were more likely to have been present for the mothers who died of direct causes, but this could be due to the fact that women who died of indirect causes died before delivery (Table 4 ; available at: http://www.who. int/bulletin/volumes/94/5/15-1633560).
For direct causes, poorer municipalities had a higher MMR, but also a slightly higher ratio of maternal indirect deaths (Fig. 2) . Fig. 3 and Fig. 4 show the MMR by direct and indirect causes between the wealthiest and poorest quintiles by year. Between 2006 and 2013, direct causes of maternal deaths among women residing in the poorest municipalities have nearly halved, going down from 119.1 to 72.7 deaths per 100 000 live births (Fig. 3) . The decline in MMR due to direct causes of maternal death in the wealthiest municipalities was 23.5%, going down from 35.2 to 26.9 deaths per 100 000 live births (Fig. 3) . For each year and in both poorest and wealthiest quintiles, MMRs for indirect death causes were lower than the MMRs for direct causes. It is only in 2008 and 2010 that the poorest quintile had a statistically significant higher MMR due to indirect causes than the wealthiest quintile (Fig. 4) . In 2009, there was a peak in indirect deaths among the wealthiest municipalities, presumably due to the H1N1 epidemic (Fig. 4) . Research
Discussion
This paper presents the results of a review and reclassification of causes of maternal death in Mexico, for the period 2006 to 2013. The identified 13% increase in the number of maternal deaths after the BIRMM review suggests that this type of exercise is one approach to correct misclassification of maternal cause-of-death data. There is progress in Mexico towards achieving a reliable assessment of the causes of death in women of reproductive age, with the aim of generating improved data on the causes of maternal mortality.
Our findings show that MMR from direct maternal deaths has been declining between 2006 and 2013; it nearly halved among the poorest women. However, there was no such change in indirect deaths. Given the increase in the burden of noncommunicable diseases and associated risk factors, 30 indirect deaths may continue to account for an increasing proportion of maternal deaths. Despite the overall decline in MMR from direct deaths, socioeconomic disparities among the poor persist. However, for indirect deaths, women residing in both poor and wealthy areas are affected. These findings are consistent with other studies that examined the obstetric death transition from direct to indirect causes. 36 Similar 39 In high-income countries the correction factor ranges between 0.9 and 2.2. 40 This observed variation limits our ability to generalize the extent of underreporting or misclassification across settings.
Our review also highlighted the importance of the maternal death review to explain an unusual disease pattern, such as the 2009 H1N1 epidemic in Mexico. This type of temporary change in the pattern of maternal deaths has also been observed in Rwanda and South Africa. 41 Such increases should be anticipated during an epidemic.
The feasibility of a project that focuses on reclassifying maternal death causes in a given country is dependent on the level of maternal death misclassification or under-coding. In countries with relatively few maternal deaths, extensive review of suspected cases may be feasible. For example, the reproductive age mortality study (RAMOS) investigates all reported deaths in women of reproductive age. 9, 42 In our study, we applied a cost-saving approach which uses expert opinion to identify a subset of maternal death cases. 26 Our approach may be more appropriate for countries with poor resources.
Most maternal health interventions are timed around the delivery period of the pregnancy and they focus mainly on skilled birth attendance or emergency obstetric care. 43 These interventions have an impact on direct deaths and subsequently on the reduction of overall maternal mortality. However, except in cases where complications arise during labour, indirect deaths may not be averted through these delivery-focused interventions. 41 To reduce indirect deaths, obstetricians and other health-care personnel interacting with pregnant women Indirect and direct obstetric deaths in Mexico Margaret C Hogan et al.
‫ملخص‬ ‫القطاعات‬ ‫متعددة‬ ‫متكررة‬ ‫دراسة‬ ‫املكسيك:‬ ‫يف‬ ‫بالوالدة‬ ‫املرتبطة‬ ‫الوفاة‬ ‫أسباب‬ ‫تصنيف‬ ‫إعادة‬

‫مدى‬ ‫عىل‬ ‫املكسيك‬ ‫يف‬ ‫األمهات‬ ‫بني‬ ‫الوفاة‬ ‫أسباب‬ ‫وصف‬ ‫الغرض‬ ‫والناجتة‬ ‫بالوالدة‬ ‫املرتبطة‬ ‫الوفاة‬ ‫عىل‬ ‫االهتامم‬ ‫تركيز‬ ‫مع‬ ‫سنوات،‬ ‫ثامين‬ ‫االقتصادية.‬ ‫االجتامعية‬ ‫الفوارق‬ ‫وعىل‬ ‫مبارشة،‬ ‫غري‬ ‫أسباب‬ ‫عن‬
‫باستخدام‬ ‫متعددة‬ ‫قطاعات‬ ‫تشمل‬ ‫متكررة‬ ‫دراسة‬ ‫أجرينا‬ ‫الطريقة‬ Búsqueda intencionada y ‫يف‬ ‫املتوفرة‬ ‫البيانات‬ ‫جمموعة‬
during the postpartum period need to be trained to treat the entire woman and not just her pregnancy. 44, 45 Planning for such training requires the development, dissemination and adoption of clinical guidelines. 46 Effective implementation of such guidelines requires collaboration and the establishment of referral systems between specialities that deal with the major causes of indirect deaths. 41 For example obstetricians need to be able to effectively communicate with chronic disease specialists regarding at-risk cases. 41 There is a need for additional surveillance of pregnant women to identify at-risk pregnancies to respond to them appropriately. A health education programme focused on addressing indirect obstetric death risk factors, particularly for women with pre-existing conditions, is needed as well. 46 Access to and use of effective contraception and safe abortion remains a key strategy to reduce maternal mortality worldwide. 47 The Mexican Ministry of Health, recognizing the need for quality and state-level maternal mortality estimates, used its authority to ensure cooperation from states for the BIRMM project. While integration of the BIRMM as part of the vital statistics system treats the maternal mortality review as a core public health function, 48 there is no separate specific budget for it from the ministry of health. The project is being implemented as a non-routine activity, subsidized by committed individuals and interested groups of public health practitioners. 49 Annual results from the BIRMM are used to adjust official estimates of MMR. The adoption of electronic death registration would allow real-time reporting and validation of suspected maternal deaths.
This study has several limitations. First, the review process did not target all deaths in women of reproductive age, but a subset identified based on the registered cause of death. While the codes used to identify cases capture most misclassified or miscoded maternal deaths, there may be some missed and not investigated. 23, 49 Second, the review process relies on the availability and quality of additional mortality data sources beyond the death certificate. For some deaths, the additional available information to make a reclassification decision was quite limited. Third, the role of improved ascertainment and categorization must not be overlooked when examining the trends in this analysis. Since the same search procedures have been used each year, it seems unlikely that the observed increase in indirect deaths would be solely due to improved ascertainment. Fourth, a few causes of death, considered to be indirect obstetric causes such as ICD-10 code O26.6 (liver disorders), are subsumed within chapters of the ICD broadly considered for direct maternal deaths. Full ICD-10 codes to the 4-digit level were not available for all deaths so the broader 3-digit categories were used and these cases were considered to be of questionable quality. This means that some rare causes of indirect deaths may have been grouped with direct causes, and if so, the analysis may have underestimated the contribution of indirect deaths. Fifth, missing data in the covariates is another limitation. Sixth, when examining socioeconomic disparities, the use of the municipality-level development index may hide within group differences. It is likely that the individual women dying of maternal deaths across all quintiles of the development index are the poorest women within those municipalities. The area-level nature of this component of the analysis does not allow for commentary about how an individual's access to resources affects her risk of maternal death.
Conclusion
This study presents a useful strategy towards achieving a relatively complete and accurate assessment of the causes of maternal mortality in a country with complete vital registration. It provides useful lessons for other countries looking to improve maternal mortality measurement and highlights the importance of developing an appropriate health system response to address indirect maternal deaths. ■ 
Resumen
Reclasificación de las causas de muerte obstétrica en México: un estudio transversal repetido
Objetivo Describir las causas de la mortalidad materna en México durante ocho años, con especial atención a las muertes obstétricas indirectas y a las desigualdades socioeconómicas. Métodos Se realizó un estudio transversal repetido utilizando el conjunto de datos Búsqueda intencionada y reclasificación de muertes maternas (BIRMM) de 2006-2013. Mediante el proceso de la BIRMM, se utilizaron frecuencias para describir nuevos casos, las distribuciones de las causas y la reclasificación de los casos de mortalidad materna. Se utilizaron pruebas estadísticas para analizar las diferencias en cuanto a las características sociodemográficas entre las muertes directas e indirectas y las diferencias en el porcentaje del total de muertes directas e indirectas, por año y por nivel de pobreza de los municipios. Resultados Un total de 9 043 muertes maternas fueron sujetas al proceso de revisión. En general, el número de muertes maternas identificadas aumentó un 13% (de 7 829 a 9 043) y el porcentaje de muertes maternas clasificadas como muertes maternas tardías se triplicó (de un 2,1% a un 6,9%). Durante el periodo de estudio, las muertes obstétricas directas se redujeron, mientras que las muertes derivadas de causas obstétricas indirectas se mantuvieron sin cambios. Las muertes directas se concentraron en mujeres que vivían en los municipios más pobres. En comparación con aquellas que fallecían por causas directas, las mujeres que fallecían por causas indirectas tuvieron menos embarazos y eran ligeramente más jóvenes, tenían una mejor educación y más posibilidades de vivir en municipios más adinerados. Conclusión La BIRMM es un enfoque cuyo objetivo es corregir las estadísticas de mortalidad materna en entornos con pocos recursos. El enfoque podría ayudar al sistema sanitario a reconsiderar su estrategia para reducir las muertes maternas por causas obstétricas indirectas, incluyendo la prevención de embarazos no deseados y la mejora del cuidado prenatal y postobstétrico. 
